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bath,anddilutedwithaO2MacetatebufYbrofpH40topreventpossibledegradationduringtheanalysis・Theconcentrationofresidualcefatrizinewasanalyzedbyahigh-perfbrmanceliquidchromatographic(ＨＰＬ ｑ PLC） 
ｍｅｔｈｏｄｌｎａｄｄｉｔｉｏｎｔｏｔｈｅＨＰＬＣｄｅｔｅｒminationoftheoverallrateofcefatrizinedegradation,thedecreaseinthe concentrationoftheprimaryaminogroupinccmtrizincduringthedcgradationwasfbllowedbyacolorimetricassay 
asusedinthecefHdroxildegradationstudy.'） '● DeterminationoflonizationConstants:Thedissociationequilibriaofcefntrizineandcefadroxilareshownln 
ChartLTheapparentpKhlandpKh2valuesfbrthedissociationofthecarboxylicacidanda-ammoniummoietiesof bothantibioticsweredeterminedbythepotentiometrictiｔｒａｔｉｏｎｏｆＯＯ１Ｍantibioticaqueoussolutionatanionic 
strengthofq5andat35or37oCThevaluesofpKA3fbrthephenolicgroupsweredeterminedspectrophotometrically asdescribedpreviouslyfbrcefMroxiL1)ThecalculationfbrcefntrizinewasmadefiPomthechangeinabsorbanceat 255nmmeasuredwithamodelUV‐Z00double-beamrecordingspectrophotometer(ShimadzuSeisakusho,Kyoto)． 
TheseresultsaresummarizedinTablel 


























































































































































































































acetate,andphosphatebufIersusedinthesekineticstudiesweredeterminedatconstantpH， temperature,andionicstrengthinsolutionscontaining5mMcefatrizine;onlythetotalbuffbr concentrationwasvariedTheseexperimentswerecarriedoutatseveralpHvalueswithinthe 
























kHAcqH＋＋kAC-KHAc kobs＝kpH＋[AC]Ｔ （３） αＨ＋＋KHAc 
kH1Po馴‐αH+＋kHpo42-KEhkobs＝kpH＋[Ph]Ｔ （４） α酢十Ｋ:h
where[ＡＣ]TandPh]TrepresentthetotalacetateandphosphatecOncentratiOns,respectively； KHAcandK:hrepresentthedissociationconstantsfbraceticacidanddihydrogenphosphate ion,respectivelyByemployingPKHAc＝4588)ａｎｄｐＫ:h＝6591)ａｔ３５°Ｃａｎｄ似＝05,the
Ｌ 2.0 0.5 
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､/可
Fig9EflectofStirringSpeed,､/の,onthe
DissolutionRateConstants,ｋＴ,ofCefntrizine 
PropyleneGlycolate（○）andCefadroxil 
Monohydrate(●)iｎＯ５ＭＫＣｌａｔ３７ｏＣ 
Theminimumsolubility（Cb）estimatedfiPomthesolubilityattheisoelectricpoint,ｐＩ＝ 
1/2(pKh,＋pKuz)，andthedissociationconstantsundertheexperimentalconditionsuse。
(37｡Ｃand似＝0.5)arelistedinTableIIThetheoreticalcurvesgeneratedfromEq.(6)fitted
reasonablywellwiththeexperimentalpointsfbrbothcefatrizineandcefMroxil(notshownl 
BothaminocephalosporinsexhibitedverysimilarpH-dependentsolubilitieswiththe 
minimumsolubilityof46×10-2Ｍ.Forcompanson,theCbvaluesofseveralaminocephalos-
porinsdeterminedunderthesameconditions'7)arealsolistedinTablelV;thesolubility-pH 
prohleofcephalexinmonohydrateisverysimilartothoseofcefatrizinepropyleneglycolate 
andcefadroxilmonohydrate 
AsshowninFi9.8,theapparentequilibriumsolubilitiesobservedoverthetemperature 
rangeof25--60oC，whenplottedintheclassicalvan，tHofTfashion，gaveagoodlinear 
relationship､Thevaluesoftheheatofsolution,』LL.,,fbrcefatrizineandcefadroxilwere
4066 VｏＬ３１（1983） 
TABＬＥＶ、TheoreticalEquationso)fbrtheDissolutionRateConstants
at228rpmandDifInsionCoefYicientsofAminocephalosponns 
at37oＣａｎｄａｎＩｏｎｉｃＳｔｒｅｎｇｔｈｏｆＯ５ 
Theoreticalequation,b） 
んT(theor）
Mcm2/ｓ 
DifIilsion 
coellicient 
lO6ncm2/ｓ 
Cephalosporin 
Cefntrizinepropyleneglycolate 
CefMroxilmonohydrate 
Cephalexinmonohydratec） 
Cephradinemonohydratec） 
Cephaloglycindihydratec） 
1.18×10-2(αH+)ｈ＋7.45×10-5＋1.59xlO-2(αoH-)h 
L22×10~2(αH十』＋9.73×10~5＋L36x10-2(αoH-)h
L22xlO~2(αH十ル＋M3x10-s＋Ｌ40×10~2(αoH-)h
L35x10-2(αH+)ｈ＋12.4×10-5＋1.50×10-2(αoH-)ｈ 
0.43×10~2(αH+),i＋5.19×10-5＋1.59×10-2(αoH-)ハ
α） 
6） 
c） 
Equation(9)． 
CalculatedhomEqs.(9)and(10)withtheparameterslistedinTablelVandthosecitedinthe 
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Ｆｉｇ．１０．logkT-pHProiilesfbrtheDissolution 
ofCehltrizinePropyleneGlycolate（○）and 
CefMroxilMonohydrate（●）ａｔ228rpm， 
３７．Ｃ,ａｎｄａｎｌｏｎｉｃＳｔｒｅｎｇｔｈｏｆＯ５ 
Ｔｈｅｐｏｉｎｔsareexpenmentalvalues，andthesolid 
curvesweregeneratedfmmthetheoreticalequations 
listｅｄｉｎＴａｂｌｅＶ・Thedottedlinesareth巳theoretjEal
curves(firomrefl7,seeTableV)fbrthedissolution 
rateconstantsofcephradinemonohydrate(A),cepha‐ 
lexinmonohydrate(B),andcephaloglycindihydrate 
（qat228rpmandanionicstrengthof0.5. 
Ａ
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ｐＨ 
calculatedfromtheslopesinFig8tobe5.25and1.35kcal/ｍCl,respectively・ThedifYerence
insolvatedfbrmsbetweenthetwoantibioticsmayberesponsiblefbrthisdiflerenceinthe 
ＪＨ５.,values・
DissolutionRate-pHProfile 
ThedissolutionrateofdrugsolidinaqueoussolutioncanbedescribedbyEq.(7)under 
thesinkcondition:5） 
傍)｡-二階（７）
whereCrepresentstheconcentratiｏｎｏｆｔｈｅｄｉｓｓｏｌｖｅｄｄｍｇａｔｔｉｍｅｊｉｎthemedium，S 
representstheareaofthesolidsurfaceexposedtothesolvent，しrepresentsthevolumeofthe
dissolutionmedium,andlcTrepresentsthedissolutionｒａｔｅｃｏｎｓｔａｎｔｉｎｕｍｔｓｏｆＭｃｍｓ－１・
Whenthedissolutionofbothantibioticsfromtherotatingdiskisrate-limitedby 
diffilsion，thedissolutionrateconstantsattheisoelectricpHvaluescanbepredicted 
theoretically18)ａｓ： 
ICT＝0.620,2/3V－１/6の1/ｚＣｏ （８） 
whereDisthedifIilsioncoefIicieｎｔｏｆｄｒｕｇ，visthekinematicviscosityofthedissolution 
Ｎｏ．１１ 4067 
medium,ａｎｄのistheangularvelocityofrotationTheobserveddissolutionrateconstants，
kT,measuredinO5MKClatfburdiflbrentrotatingspeedsareplottedagainst、/万inFig9，
andgiveareasonablystraightline,apparentlyobeyingEq.(8).TheD-valuesofthetwo 
antibioticscouldbecalculatedfTomtheslopesemployingv＝６．９９×ｌ０－３ｃｍ２ｓ－１１９)andare 
listedinTableVwiththecorrespondingCbvalues、
DissolutionrateconstantskT,weredeterminedasafimctionofthebulksolutionpHat 
37oCand’＝0.5(Fig.１０).Forcomparisonwithpreviousstudiesonotheraminopenicillins5） 
andaminocephalosporins,'7）therotatingspeedwasfixedat228rpmThedissolutionrate 
constantsincreasedlinearlywithdecreasingpHintheacidicmediumbelowpH3､Abovethis 
pH,therateconstantswereindependentofpHfbrbothcephalosporinsusedinthisstudy,as 
observedfbrtheotheramino-β-lactamantibiotics・
ThecomplicatedpH-dependentdissolutionkineticsoftheseantibiｏｔｉｃｓｃａｎｂｅｉｎ‐ 
terpretedtheoreticallybyEq.(9)whichwasderivedpreviously:5） 
ルールル器帆Ｍ+叱り'･卿､､宝器塵q仏･卿兆]',）
wheresubscriptsA+,Ａ±,andA-refertothecationic,zwitterionicandanionic(bothmono‐ 
anddi-anions)speciesofcefatrizineorcefMroxil,respectively;DisthediflilsioncoefYicient； 
(αH+Land(αoH-)harethehydrogen-ionandhydroxide-ionactivities,respectivelyinthebulk 
solution;ａｎｄハisthediflilsionlayerthicknesscalculatedfromEq.（10):'8）
ｈ＝1.612,1/3Ｖl/6の－１/２ （10） 
AssumingDA+＝ＤＡ±＝DA-andemployingDH+＝4.12×10-5ｃｍ2/s,２０)DoH-＝3.43×10~ｓ 
ｃｍ２/s,21,22）ＫW＝2.38×10~'4,10）andthepertinentparametersdeterｍｉｎｅｄｉｎｔｈｉｓｓｔｕｄｙ 
(TableslVandV),thetheoreticaldissolutionrateconstantMcT(theor)underthepresent 
experimentalconditionscanbederivedfromEqs.(9)and(10),andarelistedinTableV・The
theoreticalcurvesgeneratedfromtheseequationsexhibitreasonablygoodagreementwith 
theexperimentalpointsfbrbothantibiotics・
FigurelOalsoincludesthetheoreticalcurvesfbrotheraminocephalosporinstranscribed 
fromthepreviousreport,'7)showingsimilardissolutionkineticbehaviorwithrespecttothe 
changeinpHofthebulkdissolutionmediumAmongaminocephalosporins,itisclearthat 
cephradinemonohydrate,whichhasthehighestsolubility(seeTablelV),givesthehighest 
dissolutionrate,andthatcephaloglycindihydrate(withthelowestsolubility)exhibitsthe 
lowestdissolutionrate,overthepHrangebelow9Bothcefatrizinepropyleneglycolateand 
cefadroxilmonohydratewerefbundtohavemoderatesolubilitiesanddissolutionrates、
Figuｒｅ８ｓｈｏｗｓｐｌｏｔｓｏｆｔｈｅｌｏｇａｒｉｔｈｍｏｆｔheapparentdissolutionrateconstantsof 
cefatrizineandcefladroxiｌｉｎＯ・SMKClat228rpmagainstthereciprocaloftheabsolute
temperatureThevaluesofheatofdissolution,dHais,calculatedfromtheslopesoftheselines 
were754and499kcal/ｍCl,respectivelyBysubtractingtheheatofsolubility,ＪＨ６ｏｌ,fTom 
thatofdissolution，theintrinsicenergyconcernedwiththediflilsionoftheantibioticsand 
viscosityofthesolutioncanbeobtainedThecalculatedenergies,JHdis-JH5ol,were2.29and 
3.64kcal/molfbrcefatrizinepropyleneglycolateandcefadroxilmonohydrate,respectively 
Theenergiesareverysimilartothosefbrotheraminocephalosporinsdetenninedunderthe 
sameconditions,andarewithintherangeof3-5kcal/molconsideredreasonablefbra 
diflilsionprocess・'7）
Discussion 
Thedegradationratesofseveralaminocephalosporinsintheneutralandbasicregions 
apparentlydependonthenatureofsubstituentsatthe3-position(seeFig.5).Ceiatrizinewas 
4068 Vol､３１（1983） 
highlyreactive,likecephaloglycin，whilethederivativeswitha3-methylgroup,cephalexin， 
cephradine，andcefMroxil，arethemostrcsistanttodegradationAcomparisonofthe 
specincrateconstantsassociatedwiththereactionsofcefatrizineandcephaloglycinwiththe 
correspondingconstantsfbrthelatterthreeantibiotics(TableⅢ)showsthattheβ-1actam 
moietyofthefirsttwoantibioticsisabouttwofbldmoresusceptibletoattackofhydroxide‐ 
ionandaboutlOtimesmoresusceptibletointramolecularattackbytheC-7sidechainamino 
groupThedifIbrenceinreactivitybetweenthefirsttwoantibioticsandthelatterthree 
antibioticsmaybeascribedtothedifferenceinthelong-rangeinductiveeflbctonthe 
electrophilicityoftheβ‐lactamcarbonylcarbonatomtowardnucleophilessuchashydroxide 
ionandaminesand/ortheefIbctivenessasaleavinggroupofthe3-methylenemoiety(Rin 
Chartl)whichmaylowertheenergyofthetransitionstate,assuggestedpreviouslyfbrother 
cephalosporindegradations､９，１３） 
ＩｎａｃｉｄｉｃｍｅｄｉｕｍｂｅｌｏｗｐＨ４,cefatrizineisreasonablystablewｉｔｈａｈａｌｆＬｌｉｆｅｏｆｌ４ｄａｔ 
３５ｏＣａｎｄ似＝0.5,Amongaminocephalosporinssuchascephaloglycin，ｃephalexin，cephra‐
dine，cefadroxil，andcefatrizine，thestabilitiesofwhichhavebeeninvestigatedinour 
laboratory,''9）cephaloglyciniscosideredtobethemostacid-unstable，andtheother 
analoguesexhibitsimilaracid-stability(seeFig5)Instabilityofcephaloglycinisduetothe 
esterhydrolysisoftheC3sidechainratherthancleavageoftheβ-lactammoiety.,)However， 
cephaloglycinhastentimesgreateracid-stabilitythanampicilli､,23)anaminopenicillinlt 
seemssafbtosayfiPomourpresentandpreviousstudiesonthestabilityoM-lactamantibiotics 
thataminocephalosporinsaremoreacid-stablethanaminopenicillins・Ｔｈｅdestructionof
aminocephalosporinsduringagastricresidencetimeof30minatpHL3isalmostnegligible， 
whereasaboutlO％ofaminopenicillinsisdegradedundertheseconditions､5,23） 
Fromourquantitativestudiesonthesolubilityanddissolutionratesoffiveaminocepha‐ 
losporins,'7)itissuggestedthatthedissolutionoftheseantibioticscannotbearate-limiting 
stepintheirabsorptionprocesswhentheyareingestedwithsuflicientwater,asconcluded 
previously5)fbraminopenicillins、
However,fbrcefatrizineitsinstabilityattheintestinaland/orbodypHissuspectedto 
giveareducedurinaryrecovery，aspreviouslymentionedfbrcephaloglycin､9）Atthe 
physiologicaltemperatureoｆ３７ｏＣ,ｔｈｅｈａｌＭｖｅｓｏｆｃｅfatrizineareestimatedtobe92and 
6.6hinnon-buflbredsolutionatpH7.Ｏａｎｄ7.4,respectivelySincethereportedplasmahalfL 
lifbofceiatrizineisL4-1.7hafteroraladministrationinman,24￣26)themaxlmumextentof 
thechemicaldestructionofcefatrizincinthebodyiscalculatedtobeabout20％basedonthe 
assumptionoffirst-orderkinetics・Thisresultsuggeststhat,ifthedegradationinbodyfluids
proceedsinthesamefashionasinaqueoussolutionatphysiologicalpHandtemperature,the 
recoveryofcefatrizineinurinecanneverexceed８０％,ｅｖｅｎthoughrapidandcomplete 
absorptionaftertheoraldoseisestablishedGaverandDeebreportedthatthehalfL1ivesof 
ceflatrizineinhumaｎｐｌａｓｍａｗｅｒｅ３－４ｄａｔ７ｏＣａｎｄl5-16hatroomtemperature,26） 
whereasthehalPlivesofthechemicaldegradationextrapolatedfiFomthepresentkineticstudy 
arel2danｄ２４ｈ，respectively・Comparisonofthesedataindicatesthatcefatrizineis2-3
timesmoreunstableinhumanplasmathaninnon-buflbredaqueoussolutionunderthesame 
conditions・AssUggestedpreviously,somecOmplexreactionotherthanchemicaldegradation
mayoccursimultaneouslyintheplasma・
Widelyvaryingrecoveriesof35-82％inurinehavebeenreportedaftertheoral 
administrationofcefatrizineBecauseofthechemicalinstabilityofcefatrizine,thedifferences 
'amongthereportedurinerecoveriesmaybeascribedtovariationsinthepreparationand 
handlingoforaldosingsolutionsandinthetimeandtemperatureofstorageand/orhandling 
ofurinesamplesbefbreandduringanalysis・Cefatrizineisdegradedwhenstoredinasolution
ofpH7､0,thehalfLlivesoftheβ-1actamdegradationat25and7｡CbeingpredictedtobeL6 
andl6d,respectively,ingoodagreementwiththereportedｖａｌｕｅｓｏｆ２－３ａｎｄｌ５ｄａｔｐＨ６,８ 
Ｎｏ．1１ 4069 
inurine26)TheprcsentkineticstudysuggeststhatadjustingtheurinepHtobelow4markedly 
improvesthestabilityofcefatrizineGaverandDeeb26)demonstratedthat,inurineacidified 
topH4,morethan95％oftheoriginalactivitiywasstillpresentaftcr4datroomtemperatuｒｅ 
ａｎｄａｆｒｅｒ７ｄａｔ７ｏＣ,inaccordancewithohrcalculation、
Ontheotherhand,80-95％ofceftLdroxilwasexcretedinurineaftertheingestionofa 
single500mgtablet､27-29)CefadroxilistentimesmorestableunderthephysiologicalpHand 
temperatureconditionsthancefatrizine，suggestingnegligiblechemicalde9radationinthe 
body・Highrecoveryinurineisalsofbundforcephalexinandcefradine,indicatingcomplete
absorptionandnosigniiicantchemicalandenzymaticdegradationsinthebody． 
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